We investigated the star formation activities in the AFGL 333 region, which is in the vicinity of the W4 expanding bubble, by conducting NH 3 (1,1), (2,2), and (3,3) mapping observations with the 45 m Nobeyama Radio Telescope at an angular resolution of 75 ′′ . The morphology of the NH 3 (1,1) map shows a bow-shape structure with the size of 2.0 × 0.6 pc as seen in the dust continuum. At the interface between the W4 bubble and the dense NH 3 cloud, the compact HII region G 134.2+0.8, associated with IRAS 02245+6115, is located. Interestingly, just north and south of G 134.2+0.8 we found NH 3 emission exhibiting large velocity widths of ∼ 2.8 km s −1 , compared to 1.8 km s −1 at the other positions. As the possibility of mechanical energy injection through the activity of YSO(s) is low, we considered the origin of the large 1 turbulent gas motion as indication of interaction between the compact HII region and the periphery of the dense molecular cloud. We also found expanding motion of the CO emission associated with G 134.2+0.8. The overall structure of the AFGL 333-Ridge might have been formed by the expanding bubble of W4. However, the small velocity widths observed west of IRAS 02245+6115, around the center of the dense molecular cloud, suggest that interaction with the compact HII region is limited. Therefore the YSOs (dominantly Class 0/I) in the core of the AFGL 333-Ridge dense molecular cloud most likely formed in quiescent mode. As has been previously suggested for the large scale star formation in the W3 giant molecular cloud, our results show an apparent coexistence of induced and quiescent star formation in this region. It appears that star formation in the AFGL 333 region has proceeded without significant external triggers, but accompanying stellar feedback environment.
based on the stellar populations of IC 1795. The first generation is the 1300 pc loop and the Perseus superbubble. These triggered the formation of IC 1795, and then IC 1795 triggered the formation of W3 North, W3 Main, W3 OH at the edge of shell. An X-ray study by Feigelson & Townsley (2008) revealed the diversity of the W3 stellar populations. Roccatagliata et al. (2011) analyzed the protoplanetary disks of young stars in the IC 1795 region as massive star forming region by a deep Spitzer survey. The wider area including AFGL 333 and KR 140 has been investigated with Spitzer and Herschel (Rivera-Ingraham et al. 2011 . Observational results of a sub-mm survey of dense clumps by Moore et al. (2007) , and extensive molecular line observations by Polychroni et al. (2012) agree well with the collect-and-collapse model. Bieging & Peters (2011) also produced the extensive CO maps of the W3 region. Star formation in W3 Main and W3 (OH) are considered to have been triggered by IC 1795. On the other hand KR 140, which is located in the southwest quadrant of W3 giant molecular cloud (GMC), appears to be formed in quiescently. Recently much of works have been done to reveal the star formation history of the W3 complex. The stellar contents in W3 Main (Bik et al. 2014 ), IC 1795 (Román-Zúñiga et al. 2015 , and across the complex (Kiminki et al. 2015) were investigated. The statistical study was done by using Herschel datasets (Rivera-Ingraham et al. 2015) . These studies showed a complex history of star formation in the W3 GMC, and suggested massive stars and clusters in the active region as W3 Main and W3 (OH) were formed in the dense material by the progression of star formation process. Although triggering events play an important role to form the active region, it is still unclear in more quiescent region as AFGL 333 or KR 140.
AFGL 333-Ridge is a dense molecular cloud located south of W3(OH). It is associated with three known IRAS sources, namely, IRAS 02252+6120 (SFO 05: Sugitani et al. 1991) , IRAS 02244+6117, and IRAS 02245+6115 (AFGL 333) (See figure 1). Although AFGL 333 is located in the HDL, its star formation is less active than the other two regions (W3 Main and W3 (OH)) and it has less extreme environmental conditions (e.g. Rivera-Ingraham et al. 2013) . The deep NIR photometry by Jose et al. (2016) unraveled the star formation activity of AFGL 333 region. The AFGL 333 region is one of the best sites to study the influence of HII regions to star formation because of its location; the dense molecular cloud at the edge of the extended bubble (Heart Nebula) of W4 and the presence of a compact HII region in IRAS 02245+6115.
To study the interaction between HII regions and molecular clouds, investigation of the distribution of dense gas and of the gas temperature is vital. NH 3 lines prove to be particularly useful for investigating the physical conditions of dense gas clumps of a molecular cloud. The NH 3 observations have advantages compared to other lines, such as 13 CO and C 18 O, because NH 3 is an intermediatedensity gas tracer, and gives gas temperature using the (2, 2)/(1, 1) line ratio. The information on gas motion and temperature distribution can indicate signs of interaction. It also reveals the presence of interstellar shocks through the (3, 3)/(1, 1) line ratio, shown by Nagayama et al. (2009) . As example of such a study is given in Urquhart et al. (2011) who surveyed massive young stellar objects and ultra-compact HII regions in ammonia -allowing them to derive the basic physical properties of the associated high density gas for their sample. As such, we made mapping observations of the AFGL 333 region using NH 3 (1,1), (2,2), and (3,3) lines and estimated the distribution of the gas kinetic temperature over the cloud. We also simultaneously observed H 2 O maser emission which is a well known tracer of early star formation activity (e.g. Sunada et al. 2007) .
In this paper, we observationally investigate the dense clumps of the molecular cloud in the AFGL 333 region that are influenced by the expanding HII region, and compared our results with archival data/catalogs to reveal the local star formation scenario in this region. The parallax distance of W3 (OH) was obtained to be 2.0 kpc (Xu et al. 2006; Hachisuka et al. 2006) . Since the line of sight velocities of W4 and W3 (OH) are within of 5 km s −1 of each other, we will assume a common distance of 2.0 kpc for the AFGL 333 region in this paper. We observed 267 positions with a 37.5 ′′ grid along the Galactic coordinates using position switching between the target and the reference position comprising of the empty sky. We investigated the kinematic and density structure of the AFGL 333 region at clump scales, or 0.5-1.0 pc. The reference position was taken at (l,b) = (134.
• 3400,0.
• 5500), where no NH 3 or H 2 O maser was detected. The target mapping area of the AFGL 333 region was 600 ′′ × 1000 ′′ centered at (l, b) = (134.
• 2000, 0.
• 7500). Figure 1 shows the mapping area of the l-b observations overlaid on the Spitzer-IRAC image. The pointing accuracy was checked using an H 2 O maser source Cepheus A and was better than 5 ′′ .
Data reduction was carried out using the NEWSTAR software package developed by the Nobeyama Radio Observatory (NRO). Emission free channels were used to estimate and subtract a spectral baseline. We applied only the linear line as the continuum level. Vertical and horizontal polarizations were combined and weighted based on the system noise temperature which was between 100 and 300 K. The antenna temperature in Kelvin scale was measured using the chopper wheel method (Kutner & Ulich 1981) . The median 1σ rms noise level was 0.04 K. For the H 2 O maser data.
We converted the antenna temperature to the flux density using the conversion factor of 2.6 Jy K −1 . In this paper, the intensities of NH 3 and H 2 O maser are presented as the antenna temperature in Kelvin and flux density in Jansky, respectively.
Archival Data/Catalog
We used the data cubes of the J=2- Jose et al. (2016) .
Results

Spatial Distribution of NH 3
NH 3 (J, K) = (1,1), (2,2), and (3,3) emission for which the integrated intensities exceed the 2σ noise level (≥ 0.14 K km s −1 ), were obtained at 165, 111, and 71 positions out of the 267 observed positions, respectively. Figure 2 shows the NH 3 (1,1), (2,2), and (3,3) profiles towards the (1,1) emission peak at (l, b) = (134.
• 2104, 0.
• 7188). The NH 3 line profile comprises five quadruple hyperfine components consisting of a main line and two symmetrical pairs of inner and outer satellite lines. We could detect the inner and outer satellite lines of the (1,1) line in 51 positions. These 51 positions show (2,2) main lines with > 2σ, and 36 points show (3,3) main lines among them. Detections of both main and satellite lines in (1,1) lines yield an opacity estimation using their intensity ratio (see subsection 3.3).
The satellite lines of (2,2) and (3,3) line were not detected at any positions in the observed area. • 2104, 0.
• 7188), shown in figure 3. Fig. 3 . Integrated intensity map of NH3 (1,1) line. The lowest contour and contour interval are 0.14 K km s −1 (2σ) and 0.22 K km s −1 respectively. The integrated velocity range is from −52.0 to −45.5 km s −1 . Pluses and cross denote the positions of two H2O masers, and the (1,1) emission peak, respectively. is distributed with an area of ∆l × ∆b ≃ 0.
• 15 × 0.
• 25 (5.2 × 8.7 pc at the distance of 2.0 kpc).
The overall morphology shows bow shape with the size of 3. ′ 4 × 1. ′ 0 (2.0 × 0.6 pc) at the level of half of peak intensity. There is weak and compact emission at north-east of the ridge near (l, b) ≃ (134.
• 27, 0.
• 86) corresponding to the position of SFO 05 (Fukuda et al. 2013) at the northern tip of the infrared dark filament. SFO 05 is a small bright-rimmed cloud with an optical size of < 1 ′ .
This bright-rimmed cloud was observed with the Green Bank telescope in NH 3 (1,1) and (2,2) lines (Morgan et al. 2010) . The bow-shaped distribution of the (1,1) line is similar to those of the 3.2 Velocity Distribution of NH 3 Figure 4 shows the peak velocity and velocity width maps of (1,1) line. The peak velocity and the velocity width were obtained from the Gaussian fitting to the main line of the (1,1) spectrum. We observe a north-south velocity gradient along the ridge from the peak velocity map. The most blueshifted component of v LSR = −51.5 km s −1 is detected near the position of SFO 05. This velocity is consistent with that of Morgan et al. (2010) . SFO 05 should be on the near side of W4. Bieging & Peters (2011) reported that the AFGL 333 region shows the most negative velocity emission in the high density layer (HDL). The velocity structure in the AFGL 333 region is also consistent with the C 18 O results
by Sakai et al. (2007) , blueshifted at the northside of the NH 3 peak, and redshifted at the southern side. This may indicates that the gas is kinematically distributed by the large scale motion (> 10 pc) of HDL. AFGL 333 is located on the near side of the W4 bubble, and W3 Main and W3 (OH) are at the edge or far side of the bubble, as suggested by Thronson et al. (1985) . The inverse trend of the velocity structure near the center may reflect the small scale structure within the clumps.
We found two regions of large velocity width at the eastern side of the ridge, one north and the other south of the dent. The (1,1) emission velocity widths of these two regions are 2.8 ± 0.4 km s −1 , compared to 1.8 ± 0.1 km s −1 at the other positions. Jose et al. (2016) reported YSO surface density peaks at the center of the cluster associated with IRAS 02245+6115. Figure 5 shows the position velocity diagram of the (1,1) emission line along the line in figure 4.
We made the 13 CO J=2-1 integrated intensity maps in two velocity intervals, which is shown in figure 6 , by using the data cubes provided by Bieging & Peters (2011) . The blue shifted components ( −50.0 km s −1 ) mainly consist of the curved ridge at the east of IRAS 02244+6117, and two clumps at the west and the south of IRAS 02245+6115. The northern NH 3 large velocity width region corresponds to the part of this curved CO ridge. The red shifted components ( −47.5 km s −1 ) mainly consist of the circular ridge with the size of 0.
• 05 around IRAS 02245+6115, and the southern extension. The southern NH 3 large velocity width region corresponds to the part of this circular CO ridge. AFGL 333-Ridge, we confirmed on the NH 3 maps, are not so conspicuous on the 13 CO maps.
This may show the difference of the critical density of the molecular species. NH 3 emission sampled denser main part of the AFGL 333-Ridge.
We discuss the origin of these NH 3 large velocity width regions in subsection 4.2.
Fig. 6.
13 CO J=2-1 integrated intensity maps in two velocity intervals, (a) −51.0 < vLSR< −49.0 km s −1 , and (b) −48.5 < vLSR< −46.5 km s −1 , from the dataset of Bieging & Peters (2011) . Two IRAS sources, large NH3 line width regions, and an NH3 peak position are shown in stars, boxes, and x, respectively.
The lowest contour and contour interval are 2.5 K km s −1 (5σ) and 2.5 K km s −1 , respectively.
Physical Parameters
From the NH 3 observational results, we derived the physical parameters: optical depth, column density, rotational temperature, local thermodynamical equilibrium mass, and virial mass of AFGL 333-Ridge.
The optical depth of NH 3 can be derived from the intensity ratio between the main and satellite line using the method shown in Ho & Townes (1983) . The theoretical intensity ratio of satellite to main lines is
In the case of the inner satellite line and outer satellite line, a is 0.278 and 0.222, respectively. Figure 7 shows the correlation between the NH 3 (1,1) and the inner/outer satellite lines. The correlation shows a fairly uniform intensity ratio for all observed positions. The ratios of the inner and outer satellite lines to main line were obtained to be 0.344 ± 0.015 and 0.267 ± 0.014, respectively. These correspond to optical depths of 0.63 ± 0.14 and 0.50 ± 0.15 which are consistent within the error values. From the average of these two values, the optical depth of NH 3 (1,1) in AFGL 333-Ridge was derived to be 0.57 ± 0.10.
The rotational temperature is determined from the the intensity ratio of (2,2) to (1,1) lines, assuming that the (1,1) and (2,2) lines are emitted from the same gas. If the dynamical state and the excitation conditions are similar, the line shapes of (1,1) and (2,2) emission should be similar too.
To check the similality, we made gaussian fitting to the (1,1) and (2,2) lines. The obtained central velocity and the velocity width are −48.67 ± 0.03 km s −1 and 1.92 ± 0.06 km s −1 for the (1,1) line, −48.60 ± 0.09 km s −1 and 1.75 ± 0.20 km s −1 for the (2,2) line. They are consistent each other. In the case that the optical depth is uniform, the rotational temperature, T rot , is directly derived from the the intensity ratio of the (2,2) to (1,1) line. Following Ho & Townes (1983) , we derived the rotation temperature as:
The average intensity ratio is obtained to be 0.336 ± 0.020 from the correlation plot of the integrated intensity in the (1,1) main and (2,2) main lines. However the intensity ratio seems to change in the range from 0.2 to 1.0. This indicates the rotational temperature is different with the observed positions. Figure 8 shows a histogram of the rotational temperature for the (1,1) integrated intensity with 2σ detection in both the (1,1) and (2,2) lines. The (3,3) line was used to discuss the interstellar shock through the abundance of the ortho-to-para NH 3 . However, the average intensity ratio of (1,1) line to (3,3) line in this region is not high (0.20 ± 0.02) as a typical molecular clouds in the galactic disk (Nagayama et al. 2009 ), implying that the special condition as the interstellar shock is not necessarily required. The value of rotational temperature ranges between 12 − 30 K. The mean value and standard deviation of the rotational temperature were derived to be 17 K and 3 K, respectively. Scan positions that derived temperatures in the range of T rot = 12 − 22 K and 23 − 30 K account for 94% and 6% of the total integrated intensity, respectively. T rot = 12 − 22 K is consistent with the dust temperature estimated from the Herschel data of AFGL 333-Ridge (Rivera-Ingraham et al. 2013) . Figure 9 shows the rotational temperature map. The gas with a rotational temperature higher than the dust temperature (23 − 30 K) seem to be located at north, east, and south sides of the ridge. The temperature is enhanced nearly 10 K near the ionization front facing W4. Such an enhancement is also seen in the excitation temperature of CO (Sakai et al. 2006; Polychroni et al. 2012 ).
The column density of NH 3 can be estimated from the column density of (1,1) line and the rotational temperature using the assumption of Local Thermal Equilibrium (LTE) (Mangum et al. 1992) .
The column density of the (1,1) line can be estimated from the product of the optical depth of the (1,1) line, the rotational temperature, and the velocity width (FWHM) of the (1,1) line. We used a uniform optical depth of 0.57 ± 0.10 for the whole observed area. We used the rotational temperature and the velocity width obtained at each observed positions shown in figure 9 and 4.
Again, using the LTE assumption, the total column density of NH 3 which is sum of the column density of each rotational levels, was estimated using the column density of (1,1) line and the rotational temperature at each observed position. The column density map is shown in figure 9 . The mean column density was obtained to be (1.4 ± 0.4) × 10 15 cm −2 . The error is the standard deviation Figure 10 shows their contours of the H 2 column density overlaid on our NH 3 column density map.
As the increase of the NH 3 column density is mainly around the positions of large velocity widths, one possible cause is the NH 3 velocity width. Another cause might be due to the actual NH 3 abundance or excitation conditions within the clumps (Morgan et al. 2014 ). If we adopt N(H 2 ) derived from dust continuum (Rivera-Ingraham et al. 2013) , the abundance ratio of NH 3 relative to H 2 , X(NH 3 ), is 3 × 10 −8 at the eastern edge and 1 × 10 −8 at the central ridge.
The LTE mass of the cloud, M LTE , was estimated from the sum of the LTE mass obtained at each observed grid, M g , using
, where S g is the grid area of 37.5 ′′ × 37.5 ′′ = 0.13 pc 2 , N(NH 3 ) g is the column density of NH 3 at each observed grid shown in figure 9, m(H 2 ) is the mass of the hydrogen molecule. The fractional abundance of NH 3 has typical values of 10 −9 to 10 −7 in dense gas clumps (e.g. Ungerechts et al. 1980; Ho & Townes 1983; Tieftrunk et al. 1998 the LTE mass of the cloud is 7700 ± 1000M ⊙ .
The other cloud mass estimation is the virial mass, M vir . This is derived from M vir = 250R∆v 2 , where R is the radius of the cloud and ∆v is the velocity width (Rohlfs & Wilson 1996) .
The virial mass within the radius of 1.6 pc (0.
• 10), which corresponds to the same area of the LTE mass estimation, was estimated to be 1800 ± 400M ⊙ . In this estimation, the mean velocity width of whole observed area of 2.15 ± 0.46 km s −1 was used. Our results suggest that the AFGL 333-Ridge is not close to a virialized state. Sakai et al. (2006) identified two cores, A and B, in the AFGL 333-Ridge from their C 18 O observations. They derived the LTE masses and the viral masses of two cores, 2500 and 900 M ⊙ , and 1400 and 500 M ⊙ , for core A and B, respectively. Table 1. NH 3 lead us to detect H 2 O masers at two different location in the region. For identification purposes, we will refer to these masers as the northern-maser and the southern-maser. The northern-maser is associated with SFO 05 and is a known maser which was reported by the maser survey of bright rimmed molecular clouds (Valdettaro et al. 2008 ). However, the position around the southern-maser was not searched before and not listed in any maser catalogs (e.g. Valdettaro et al. 2005; Sunada et al. 2007 ). The southern-maser is located near the center of AFGL 333-Ridge. Figure 11 shows the two H 2 O maser spectra. The positions, radial velocities, and peak fluxes with uncertainty of the masers are shown in Table 1 . The error in their determined positions is 30 ′′ .
We found a high velocity 12 CO wing components, which suggest the activity of young stellar object. Figure 12 shows the distribution of the emission wings integrated over the velocity range −45 in the dashed box in figure 12 . As the temperature of the warm gas in the outflow is uncertain, we choose T ex = 17.6 K to minimize the column density as Dunham et al. (2010b) . The calculated total mass, momentum and energy of the outflow in each lobe are shown in Table 2 . There are four Class I and one Class II sources (Jose et al. 2016 ) within the positional accuracy of the southern-maser (table 3) . All five sources were detected by the Spitzer IRAC bands, but have no NIR data, and two sources were detected by MIPS 24 µm band. It suggests that the outflow is powered by the source(s) among them.
Discussion
Star Formation Activity in the Region
There have been extensive studies on W3 GMC, but mainly on the most active star forming regions such as W3 Main and W3 (OH). For example, the deep NIR imaging of the W3 Main, Bik et al. (2015) made dust column density maps by using Herschel datasets in the whole W3 complex, and created the probability density functions (PDFs). They analyzed PDF to show the stellar feedback-based constructive process, i.e. stellar feedback is a major player in the cluster formation and the overall characteristics and local evolution of GMC. They proposed a "convergent constructive feedback" model. They suggested the combined collection effect in compressing and confining material by the high mass stars create higher column densities by feedback, which lead to the creation of an environment suitable for high mass cluster formation.
Recently, Jose et al. (2016) made deep JHKs photometry of the AFGL 333 region, complementing with Spitzer IRAC and MIPS observations. Their new NIR photometry is > 3 mag deeper in each band compared to the 2MASS photometry, and they identified many YSOs including low mass populations in this region. To explore the distribution of YSOs in our observational field, we used their candidate sources of Class I and II. Figure 13a shows the plot of distribution of the YSOs. As their field is not fully covered our mapping area of NH 3 observations, we supplemented by the Spitzer • (see figure 13b) . One of the Class I source at (l, b) = (134.
• 2344, 0.7497), which also corresponds to this peak, have J = 15.98, H = 13.34, and K s = 11.71 (Jose et al. 2016 ). The extinction map made from the CO column density (Jose et al. 2016) indicates A v ∼ 25 mag around G 134.2+0.8. On the NIR color-magnitude diagram (figure 8 by Jose et al. (2016) ), its location is consistent with deeply embedded star with the mass of more than 10M ⊙ using the 2 Myr isochrone by Bressan et al. (2012) . Thus, this source should be the exciting star of the compact HII region as suggested by Mampaso et al. (1984) . Most YSOs are distributed in the south-western of this peak of radio continuum emission. Another IRAS source, IRAS 02244+6117, is a bright infrared source BIRS-104 (Elmegreen et al. 1980 ) and a small arc of infrared emission around it is reported by Kraemer et al. (2003) . The peak of YSO surface distribution at the south of IRAS 02244+6117 is also evident. As the northern part of AFGL 333-Ridge is located between these two IRAS sources, Rivera-Ingraham The interaction with the compact HII region may be limited to only the periphery or the north-south direction where large velocity widths were observed. The low ionizing flux can erode the cloud, but
would not trigger the formation of stars (Bisbas et al. 2011) . Previous studies (e.g. Oey et al. 2005; Lefloch et al. 1997 ) support a triggered or induced mode of star formation to be responsible for the formation of the stars at the interface between the W4 and the dense cloud, AFGL 333-Ridge. We suggest the overall structure of AFGL 333-Ridge has been made by the external feedback from W4.
Although the local stellar feedback was also acting to make small-scale structure of the cloud, the Hindson et al. 2010; Urquhart et al. 2011 ). In the case of Gem OB1 cloud, the dense cloud in contact with an expanding HII region showed no obvious observable interaction between them (Chibueze et al. 2013) . On the other hand, the observed large velocity widths found in the northern and southern surroundings of HII region G 134.2+0.8 (see figure 4) is evident, and these feature suggests G 134.2+0.8 is interacting with the dense molecular gas of AFGL 333-Ridge. No However, we should notice that CO observations by Sakai et al. (2006) were not so deep to detect faint high velocity wing, because their work was to study the physical and chemical states of the cloud.
And the central mapping position by Snell et al. (1990) was different from IRAS 02245+6115. Figure 14 shows two large velocity width regions of NH 3 emission on the contours of 1420
MHz radio continuum (Taylor et al. 2003 ) and the integrated 13 CO J=2-1 intensity map. The radio continuum emission of G 134.2+0.8 fits into the hole of the 13 CO map. The cavity or shell-like structure of 13 CO emission with the size of 2 ′ (1.2 pc) hosting the dense ionized gas is reminiscent of the molecular dissociation or dynamical effect of the HII region on the molecular cloud. There is the submillimeter source ID-298 (Moore et al. 2007 ) at the eastern side of the compact HII region, which corresponds to the CO clump. The synthesized radio continuum map of G 134.2+0.8 (Hughes & Viner 1982) shows steep decline of intensity toward the eastern direction (see figure 13b ). This asymmetric structure of radio continuum map suggests that a B0.5 star has been formed near this CO clump, and the compact HII region is expanding to the western direction. • 750 and b = 0.783, respectively. From b = 0.
• 750 to b = 0.
• 761, we can trace the C-shaped velocity structure (blue shifted to ∼ −49 km s −1 ) centered around l = 134.
• 23. Such a structure also shows the evidence of the shell with the expanding motion of ∼ 2 km s −1 . Contrary to the north and south of G 134.2+0.8, the reason for the NH 3 velocity width of 1.8 km s −1 at the west, nearly as low as the main part of the cloud, might be the geometrical effect. The most dense part of the NH 3 ridge is deeply embedded in AFGL 333-Ridge along the line of sight. G 134.2+0.8 is mostly expanding into the west at the foreground of the NH 3 ridge, and could not interact in the western boundary of the compact HII region. The interaction is limited in the northern and the southern less dense part of the NH 3 ridge. The large velocity width around (l, b) = (134.
• 24, 0.
• 761) in figure 15 corresponds to the northern large width NH 3 region.
Although SED of the exciting star candidate (see subsection 4.2) suggests that it is Class I source (Jose et al. 2016) , there is no other characteristic signatures of young activity. Furthermore, because of its relatively low density, G 134.2+0.8 is not as young (Thronson et al. 1979 ) as the other compact or ultracompact HII regions, like G 133.8+1.4 (W3 N) and W3 (OH) (Carpenter et al. 2000) , associated with infrared sources in the W3/W4 region. For the large line width regions of NH 3 emission, the explanation invoking interaction by the expanding motion of the ionized gas at the periphery of AFGL 333-Ridge is more preferable at present. The large line width could be due to turbulent motion supplied through the shock front of G 134.2+0.8 in the low ambient density. Molecular line observations with higher resolution is needed to clarify the activity of the YSOs in G 134.2+0.8.
Conclusions and Summary
Through our NH 3 mapping observations of AFGL 333 in the W4 region using the Nobeyama 45m radio telescope and archival CO and other data, we have explored the physical properties of this region and studied YSOs in two IRAS sources. Our results and conclusions are summarized as follows:
1. We derived a size of 2.0 × 0.6 pc, the rotational temperature of 12 − 30 K, and LTE mass of 7700 ± 1000M ⊙ for the AFGL 333-Ridge molecular cloud. The viral mass was estimated to be 1800 ± 400M ⊙ . Possibly indicating that the AFGL 333-Ridge is not close to a virialized state. We found two regions of large NH 3 line width at the eastern side of AFGL 333-Ridge.
2. The large NH 3 line width at the north and the south of IRAS 02245+6115 suggests an interaction by the expanding motion of the ionized gas from the compact HII region G 134.2+0.8 at the periphery of AFGL 333-Ridge. 13 CO data obtained by HHT and NRO reveal a cavity structure IRAS 02245+6115 and IRAS 02244+6117. We confirmed that G 134.2+0.8 associated with IRAS 02245+6115 is excited by a deeply embedded young intermediate-mass star. Although the W4 bubble and AFGL 333-Ridge have previously interacted, and induced mode of star formation could be responsible for the formation of SFO 05 and IRAS 02245+6115, the small velocity width, low rotational temperature of NH 3 line, and low SFE suggests that most stars in this region were formed by the quiescent mode in the feedback-driven structure. Depending on the local environment, both of the two modes of star formation, induced and quiescent, coexist in scales of several pc or less.
It appears that star formation in this region has taken place mainly without an external trigger, but accompanying stellar feedback environment.
